Effect of anemia and renal cytokine production on erythropoietin production during blood-stage malaria.
Renal dysfunction and severe anemia are clinical complications of blood-stage malaria. Erythropoietin (Epo) is a hormone produced by the kidney and plays an essential role in stimulating erythrocyte production. Renal dysfunction in malaria is associated with changes in renal cytokine levels, which may affect the production of Epo and the alleviation of anemia. Resistant C57BL/6 (B6) and susceptible A/J mice were infected with Plasmodium chabaudi AS. The levels of Epo and cytokines were measured by enzyme-linked immunosorbent assay (ELISA) and the degree of anemia was determined by hematocrit. Regression analyses were employed to estimate the influences of anemia and renal cytokines on the production of Epo during infection. A/J mice developed higher peak parasitemia, more severe anemia, and succumbed as compared to B6 mice, which survived the infection. B6 mice had higher levels of renal tumor necrosis factor-alpha (TNF-alpha) and interleukin (IL)-10, whereas A/J mice had higher levels of IL-12p70, granulocyte-macrophage colony-stimulating factor (GM-CSF), IL-4, and Epo. Regression analyses revealed that kidney Epo levels were influenced most strongly by changes in hematocrit levels. In addition, albeit to a much weaker degree, kidney Epo levels correlated negatively with GM-CSF levels but positively with IL-10 levels. Blood-stage malaria infection modulates the production of renal pro- and anti-inflammatory cytokines in resistant versus susceptible strains of mice differentially. However, despite the fluctuations of renal cytokines, the degree of anemia is the main determinant for Epo production during blood-stage malaria while kidney cytokines may exert secondary influences.